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Abstract. Metacognition seems to have a great influence on modelling processes and the
development of modelling competencies. In contrast to the assumed importance, a relatively small
number of studies have been conducted so far, as metacognition is a rather complex concept and the
measurement of students’ usage of metacognition is rather challenging. As part of the project, the use
of metacognitive strategies when working on modelling tasks, as well as students' attitudes towards
using them, were measured and evaluated using self-assessment questionnaires and interviews in
form of stimulated recalls. In this paper, the outcome of the different methods will be compared and
complemented by the analysis of the videotaped working process as a third data source. For this
purpose, the self-assessments regarding the use of metacognitive strategies as well as statements in
the interview of two students are considered as examples. Conclusions about the different methods
and outcomes will be drawn.

Keywords: modelling; metacognitive strategies; planning; students’ perspectives; measurement of

strategies; self-assessment.

Resumo. A metacogni¢do parece ter uma grande influéncia nos processos de modelagdo e no
desenvolvimento de competéncias de modelagdo. Em contraste com a importancia que lhe é
atribuida, um niimero relativamente pequeno de estudos tem sido conduzido até agora, uma vez que
a metacognicdo é um conceito bastante complexo e a medi¢ao da utilizagdo da metacognicdo pelos

estudantes é bastante desafiante. Como parte do nosso projeto, a utilizacdo de estratégias
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metacognitivas em tarefas de modelagdo, bem como as atitudes dos estudantes em relacdo a sua
utilizacdo, foram medidas e avaliadas, utilizando questionarios de autoavaliacio e entrevistas
baseadas na retrospetiva estimulada. Neste artigo, o resultado dos diferentes métodos sera
comparado e complementado pela andlise do processo de trabalho gravado em video, como uma
terceira fonte de dados. Para este efeito, as autoavaliagdes relativas a utilizacdo de estratégias
metacognitivas, bem como as declaragdes feitas nas entrevistas por dois estudantes sdo consideradas
como exemplos. Serdo tiradas conclusdes sobre os diferentes métodos e resultados.

Palavras-chave: modelagdo; estratégias metacognitivas; planificacdo; perspetivas dos alunos;

medicdo da utilizacdo de estratégias; autoavaliacao.

Introduction

In recent years, much research has been done on the topic of modelling competencies. While
in the beginning the focus was on the conceptualization of modelling competencies as an
amalgamation of several facets, in recent years the focus has been on the effective
promotion of these competencies. Mostly, this has been limited to the development of so-
called sub-competencies of modelling. For this purpose, different tests have been
developed, with the help of which the development of the sub-competencies has been
surveyed in various intervention studies (cf. Hankeln, Adamek, & Greefrath, 2019; Kaiser &
Brand, 2015).

However, modelling competencies as conceptualized for example by Maaf3 (2006) do not
only include the sub-competencies. Rather, due to the complexity of the problems,
metacognitive strategies have an effect on the development of modelling competencies and
on the processing of modelling problems. Since in everyday school life working on
modelling problems is usually not done by individual students on their own, but in small
groups, not only individual metacognitive strategies, but especially metacognitive group
strategies are of importance.

Despite the importance of metacognitive strategies during modelling activities research
on metacognitive modelling strategies is still in its beginnings. One reason for this is the
complexity of measuring metacognitive strategies, resulting from the complexity of
metacognition as a cognitive process as such, resulting in methodical complexity. Thus, in
the following we will introduce the concept of metacognitive modelling strategies and
possible methods for assessing these. Our aim is to compare the outcome of different
instruments and methods used within the MeMo project (Vorholter et al.,, 2019), outline the
advantages and disadvantages of the methods and give recommendations for further

development.

Quadrante 30(1) 178-197



180 K. Vorholter, A. Kriger

Theoretical background

The question of how modelling competencies can best be promoted in the classroom is not
easy to answer. Various research projects usually only focus on specific aspects. One reason
for this is that working on a complex, reality-based problem requires not only mathematical
knowledge, but also extra-mathematical knowledge and translation processes (Blum,
2015). If the modelling problems are worked on in small groups, competencies in
cooperation and communication are also added to a greater extent. Thus, in the following
we will show which competencies are necessary to solve a specific modelling problem.
According to the topic of this paper, we focus on the area of metacognitive modelling
strategies, which are necessary to reach a solution in a group in a collaborative and goal-
oriented way. Furthermore, we present empirical findings on the influence and importance

of metacognitive modelling strategies and point out the difficulties in researching them.

Metacognitive strategies as part of modelling competencies

Working on complex modelling problems always poses challenges for students. According
to Kaiser (2007, p. 111), the competencies required in such modelling problems include in

particular

e competencies to understand real-world problems and to construct a reality model;
e competencies to create a mathematical model out of a real-world model;
e competencies to solve mathematical problems within a mathematical model;

e competency to interpret mathematical results in a real-world model or a real
situation;

e competency to challenge solutions and, if necessary, to carry out another modelling
process.

These competencies, also referred to as modelling sub-competencies (e.g., Kaiser &
Brand, 2015), are those that are needed to move from one step in a modelling cycle to the
next. Other theoretical distinctions of modelling sub-competencies result from different
views of the modelling process; in empirical studies, sometimes the specific sub-
competencies are combined (cf. Hankeln, Adamek, & Greefrath, 2019; Kaiser & Brand,

2015). We exemplify those sub-competencies by means of an example (Figure 1).
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Initiative for the Rainforest

In 2002, 2003, 2005, 2006 and 2008 the brewery “Krombacher” carried out the following
initiative in cooperation with the WWF (World Wildlife Foundation) for 3 months each year:

For every crate of Krombacher beer sold, one square metre of rainforest in Dzanga Sangha
(Central African Republic) is sustainably protected.

Study the impact of this action on global rainforest deforestation.

For your information: Every day approx. 356 km? of rainforest are cleared or burned down
worldwide, of which approximately 93 km? alone are in Africa. Germans drink an average of
107 litres of beer per person per year.

Figure 1. Modelling problem “Initiative for the Rainforest”, adapted from Leiss, Méller, and
Schukajlow (2006)

For working on this modelling problem, students are asked to assess the impact of the
brewery’s advertising campaign on the sustainable protection of the rainforest. In doing so,

students

e have to understand that they are asked to examine the impact of the campaign. They
have to identify important information out of the text. To discover missing
information, they have to make reasonable assumptions about necessary data (such
as market share of the brewery, how many litres are in one crate, the distribution of
beer consumption over the year and the inhabitants of Germany),

e have to make sense of this data, which includes deciding which values to use in the
case of different assumptions for individual variables (for example market share of
the brewery or distribution of beer consumption over the year),

e have to establish relationships between the identified variables in order to generate
a mathematical model in the form of equations,

e have to solve the equations that have been set up, and finally

e have to interpret the data in the light of the assumptions, which particularly relates
to the brewery's market share in this task.

However, modelling sub-competencies are important but not sufficient for efficient and
goal-oriented processing. According to Maaf (2006), further competencies that affect the
entire modelling process are necessary. Like Blum (2015), she counts metacognitive
strategies among these.

Metacognitive strategies in general are used to control the learning or working process
and are usually divided into planning strategies, monitoring and regulation strategies, and
evaluation strategies. In some cases, they are supplemented by orientation strategies, which

serve to identify learning requirements and available resources (e.g., Efklides, 2008; Schraw
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& Moshman, 1995; Stillman & Galbraith, 1998). Thus, metacognitive modelling strategies

include:

1. Strategies that serve orientation. Especially the identification of available resources
can be helpful. These are time resources as well as the available material and
research possibilities. The more significant, the more complex the problem is and the
more time is available to work on it. For working on the modelling problem shown
in Figure 1 in class, students should be aware of the conditions set by the teacher.
Thus, these strategies concern not only the time available but also the requirements
of how results should be presented, the extent to which work should be done in
groups, which sources may be used for research and whether the teacher will
provide supplementary material if necessary.

2. Strategies for planning work processes, taking into account the specific requirements
of the modelling problem posed and the people involved. The established plan does
not have to cover the entire solution process from the beginning but can initially
contain only the first steps with the intention to plan the further steps in the later
course. Concerning the Rainforest-Problem, students thus have to identify subgoals
for example the calculation of the area protected by the campaign and allocate who
takes over the research of which values. They have to decide to what extent they want
to work together or share work and which sources they want to use for research.

3. Strategies for monitoring and - if necessary - reqgulating the work process. These refer
to both a person-related level and a content-related level. Thus, for working on the
rainforest problem, students are asked among others to make sure that everyone
understand the single steps of the developed plan and agree on values for further
calculation.

4. Strategies for evaluating and assessing the modelling process with the aim of
optimizing the process next time. These also refer to a person-related level as well as
to a content-related level and always have a reflexive as well as prospective
component. Concerning the Rainforest-Problem, especially reflecting on the
distribution of tasks and bringing together the results as well as the usage of heuristic
strategies like dividing the problem in subproblems and considering special
situations should be part of the evaluation.

According to Veenman (2011b), metacognitive strategies can be learned and used
consciously at first, but executed automatically over time. Nevertheless, these automated
actions are no less metacognitive in origin and come back into consciousness when a
problem is identified. Therefore, these are often referred to as metacognitive behaviour
(e.g., Stillman & Galbraith, 1998).

The use of metacognitive strategies for the individual learning and problem-solving
process therefore depends also on other factors, some of which are situational. Weinert

(1984) claims that metacognitive strategies are only used and that the usefulness of their
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use is only seen when the tasks to be processed are at a subjectively medium level of
difficulty. These situational factors also include the circumstance whether the task to be
worked on has to be solved alone or in a group. If the latter is the case, not only individual
metacognition but especially social metacognition is of great importance for the effective
and goal-oriented processing of the task.

For a long time, the concept of metacognition was considered only for individuals. Since
the late 1990s, the concept of social or group metacognition has been introduced in addition
(e.g., Chalmers, 2009; Goos, Galbraith, & Renshaw, 2002). In general, social metacognition
subsumes all those processes that contribute to goal-directed and effective task processing
during cooperative work processes (Vauras, liskala, Kajamies, Kinnunen, & Lehtinen, 2003;
Volet, Summers, & Thurman, 2009). Only if students communicate with each other and
coordinate their actions, explain their ideas to each other, and externalize their thoughts,
they can share their knowledge and expertise (Artzt & Armour-Thomas, 1992; Chalmers,
2009; Cooke, Salas, Kiekel, & Bell, 2004; Goos, 2002; Rogat & Adams-Wiggins, 2014).
Accordingly, both the individual metacognitive competencies of all group members and the
factors of social metacognition are important for goal-directed task processing in small

groups. However, only few empirical findings exist in the field of mathematical modelling.

Empirical results concerning metacognitive modelling strategies

As stated above, research in metacognitive modelling strategies is still not widespread,
although the impact of the usage of these strategies on modelling processes is not doubted
(Blum, 2015). Fundamental findings were obtained by Stillman's group. In a first step,
Stillman and Galbraith (1998) reconstructed metacognitive strategy knowledge in
modelling problems and found in a study with 11 pairs of students that they invested a lot
of time in the phases of orientation (understanding the problem, assessing the difficulty and
probability of solution) and execution (monitoring and regulation of the process), less in the
phases of planning (especially planning of goals and subgoals) and evaluation. They found
that metacognitive strategies were used in all phases of the modelling process, and that the
groups that invested less time in orientation and correspondingly more in the area of
monitoring and regulation were particularly successful.

In another study, Stillman (2004) identified both cognitive and metacognitive strategies
used by students when working on application tasks and clarified relationships between
the use of cognitive and metacognitive strategies. Further, she reconstructed that the use of
metacognitive strategies can lead to overcoming problems which often occur in form of red-
flag situations. These were first identified in problem solving processes by Goos (2002) and
later adapted by Stillman (2011) for modelling. The subsequent actions can be classified as
appropriate or inappropriate. One of these actions (metacognitive blindness) was further

conceptualized by Ng (2010) for metacognitive behaviour in groups by introducing the
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notion of partial metacognitive blindness. The term refers to the case where some members
of the group recognize a problem situation, but they are unable to convince the other group
members of the need to respond to this problem.

In a later study, Stillman (2011) differentiated productive metacognitive behaviour into
metacognitive strategies that (a) involve recognizing the need to use cognitive strategies,
(b) lead to conscious selection of cognitive strategies, and (c) ensure successful use of
cognitive strategies. The use of the three strategy variants depends on students' experience
and knowledge of metacognitive strategies.

The relationship of metacognitive strategies and modelling competencies of students
was investigated by Schukajlow and Leif3 (2011): The evaluation revealed no significant
correlation between students' self-reported metacognitive strategies on the one hand and
mathematical modelling competencies on the other. In a similarly designed study,
Schukajlow and Krug (2013) analysed the influence of being asked to develop multiple
solutions on the use of planning and monitoring strategies. They found that this task had a
greater impact on the number of strategies students used than the teacher's prompt.
However, in both studies metacognitive strategies were measured independent of a
concrete work process.

In the MeMo project (Vorholter et al.,, 2019) the development of students' metacognitive
strategies during an intervention study in regular classrooms was researched. A total of
approximately 500 students from 19 classes in grades 9 and 10 (ages 14-16) were involved
in the project. These were divided into two groups, working on the same six modelling
problems which were constructed for 90 minutes. One group was promoted to
metacognitive strategies, while the other group focused on the mathematical procedures
used when working on the task. The modelling problems had different factual contexts and
were related to different mathematical subfields such as volumes, calculation of triangles,
and terms and functions. The elicitation of metacognitive strategies took place in two ways:
The processing of the first modelling task (hot air balloon, see Vorholter, 2018) was filmed
in approximately 50 small groups. Following the completion of the modelling problem, the
students were given a questionnaire, with the help of which they were to individually
indicate self-assessments on a 5-point Likert scale (1 = no agreement to 5 = full agreement)
related to metacognitive individual and group strategies used. In addition, selected students
were asked about their views on metacognitive strategies using the method of stimulated
recall (Gass & Mackey, 2000) afterwards. They were shown, among other things, video
scenes from their small group work. This procedure was repeated after about half a year
with reference to the 6th and thus last processing of the modelling problem presented in
Figure 1 (for detailed descriptions of the whole project see for example Vorholter, 2019;
Vorholter et al., 2019).
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The students’ self-assessments regarding the use of metacognitive strategies were
evaluated separately for individual and group strategies. For the individual strategies, three
measurement-invariant factors were identified for all subsamples (both comparison groups
and measurement times). These factors refer to the planning of task processing, the control
of the working process, and the regulation of this process. With respect to the group
strategies, three factors could also be empirically reconstructed, which, however, were
subdivided into strategies for a smooth process, for the regulation when problems occur,
and for the evaluation of the working process, as suggested by the theory. A before-after
comparison of the factor scores of the individual strategies showed that these fell rather
than rose (although not to a significant degree) in relation to all factors and in both groups.
The corresponding comparison of the factor scores of the group strategies revealed a
significant change only for the group strategies for evaluation and only for the intervention
group.

In addition to the students’ self-assessments, the interviews conducted with the students
were available as a further data source. With the help of the case-oriented qualitative
content analysis according to Kuckartz (2019), a typology with student types could be
reconstructed from the conducted student interviews, which differ in the attitude and the
reconstructed triggers of the metacognitive strategy use in mathematical modelling from
the student perspective. As a result, six different types could be reconstructed, which
differed in their beliefs regarding the use of metacognitive strategies. The poles here are the
“convinced metacognitive type” (characterized by its flexible use of metacognitive
strategies, meaning that this type reacts to external triggers with the use of metacognitive
strategies, but also uses self-initiated metacognitive strategies, and reflects on the use of
metacognitive strategies by naming positive effects of the use) and the “distanced
metacognitive type” (characterized, besides a described lack of use of metacognitive
strategies, by the fact that representatives of this type do not want to use metacognitive
strategies). During the study, it became apparent that it was useful to consider the different
metacognitive domains of planning, monitoring/regulating, and evaluating strategies
separately, as students’ perspectives on the three domains varied considerably.
Furthermore, a differentiation between metacognitive individual and group strategies
could not be made based on the students' statements in the interview. Therefore, the
classification primarily refers to the metacognitive group strategies used (Kriiger, 2021).

It becomes clear that an increase in the self-determined nature of the use of
metacognitive strategies is definitely discernible from the interviews, whereas this
conclusion cannot be drawn from the self-evaluations in the questionnaires, thus
highlighting the methodological discussion and Blum's (2015, p. 88) claim:

There are a lot of empirical results concerning the effects of using strategies, mostly

encouraging, some also disappointing. One of the problems in these empirical
studies is: how to measure strategy knowledge, on the one hand, and strategy use,
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on the other hand, and another problem is how to reliably link students’ activities
to their strategies.

Measuring metacognitive modelling strategies

In general, methods for measuring metacognitive strategies are usually distinguished in
offline and online-methods. Offline-methods like prospective or retrospective interviews or
questionnaires or stimulated recall on the other hand rely on students’ self-reports. With
these methods there is the risk that students are either unaware of the strategies used and
therefore do not indicate the use of them, or that the questions or items will lead students
to answer the questions based on their metacognitive knowledge, but not on their use of
strategies (Veenman, 2011a). However, questionnaires are often used to measure
metacognition as they are less time-consuming and costly (Ohtani & Hisasaka, 2018;
Schellings, 2011). When developing such questionnaires, both individual and group
metacognitive strategies must be considered. The questionnaire in the MeMo project was
designed to distinguish between the use of metacognitive individual and group strategies
on the one hand. Furthermore, only those strategies were retrieved that were not specific
to a particular modelling problem. In order to measure actual strategies used rather than
knowledge, the questionnaires were filled out directly after a task and the students were
asked to indicate which strategies they had used during the task. For detailed information
see Vorholter (2017).

On the other hand, the usage of online methods like thinking aloud, observation, eye-
movement analysis and log file registrations have the great advantage that students are not
disturbed while working on the given task and one measures what they actually do - not
what they think they should or would do. Especially the method of thinking aloud is often
used for measuring metacognitive activities (Veenman & Elshout, 1999) as it is considered
to be fairly reliable. However, methods like thinking aloud and observation only lead to
reliable results, if students are able and motivated to verbalise all their thinking. Neither
activities and behaviours that are automatized and therefore do not occupy space in the
working memory, nor thoughts during phases of group work can be measured (Schellings,
van Hout-Wolters, Veenman, & Meijer, 2013). Thus, online methods are mainly used for
measuring the usage of individual metacognition.

In addition to the aforementioned questionnaire, the MeMo project also used a
stimulated recall. This method can be formally assigned to the offline methods, since the
students' views were assessed after the modelling problem had been completed. However,
according to the method of stimulated recall, the students were shown video scenes from
their own editing process and were asked to express what they had thought during the
working process. The purpose of this was to get them to say what they had been thinking
during the working process, thus combining the necessity of retrospective interviews with

the advantages of the online methods (Vorhoélter, 2017).
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The quality of online and offline methods has been compared in several studies, mainly
comparing questionnaires and think-aloud protocols (Schellings et al., 2013). Results show
that self-reports are often found to be less reliable, as correlations between metacognition
measured by self-report and by other methods are usually not very high. Thus, students’
ability to provide information about the strategies they used is doubted. This result
confirms Schraw's positioning expressed earlier in relation to the target parameters of an
investigation (2009, p. 415):

[ take the position that different outcome measures provide different types of
information that complement one another. While some outcome measures are
better suited for specific research questions, it is not the case that one measure is
best in all situations. I propose that it is essential to understand different types of

judgment measures and to use them appropriately to pose and answer useful
research questions.

Research questions

As presented above, within the Memo project, different methods were used for measuring
students’ usage of metacognitive modelling strategies, giving answers to different research
questions. At first glance, the results obtained with the different test instruments do not
appear to have any obvious connection. Following the quote of Schraw (2009), the following

questions can therefore be formulated:

1. In which aspects do the results of the two methods differ and in which aspects do
they match?
2. Can different results be explained by including other data sources?

For answering the research questions, data from different sources are considered, all of
them measured in the framework of the MeMo project. So far, the different data sets of the
project were analysed using either quantitative methods (questionnaires) or qualitative

methods (students’ interviews).

Methodological and methodical framework

The research questions posed aim to examine to what extent the same findings can be
obtained with both instruments, the questionnaires, and the interviews, or to what extent
different results are obtained. In the case of divergent results, a third data source of the
project, the videos, will be used to try to find out where the differences come from. This is
therefore a validation of the results obtained. Due to the scope of the available data,
however, these questions can only be investigated in this paper on an exemplary basis.
Thus, we will concentrate only on the metacognitive area of orientation and planning

strategies. While Stillman and Galbraith (1998) have shown that especially groups that did
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not spend much time on orientation and planning were successful, other researchers such
as Schoenfeld (1992) have shown that thoughtful planning has a significant positive impact
on the solution process. Furthermore, this area of metacognitive strategies was identified
as one of the invariant factors of individual metacognitive strategies in the empirical
analysis of the questionnaires. In the student interviews, this area was the one with the
greatest variance and could be reconstructed for all interviewed students. Furthermore, we
will only consider the data sets of two students at the second measurement time in the
following. At this time, the students worked on the modelling problem presented in Figure

1 in small groups during mathematics lessons.

Sample

The two cases discussed in more detail below are two boys who worked in two different
small groups and also came from two different classes. The two cases were selected because
the conclusions drawn about them based on their statements in the interview as well as in
the self-assessment questionnaires seem concurring in the one case (Furkan) and
contradictory in the other case (Robin) at first glance. Furthermore, they were classified
differently into the typology of metacognitive behaviour: Due to his statements in the
interview, Robin was classified as a distanced metacognitive type, which means that he is
sceptical about the use of metacognitive planning strategies and does not use them out of
conviction. However, Robin's self-assessments in the questionnaire are very high regarding
the metacognitive individual strategies (he ticked the highest value in all individual
strategies). Furkan, in contrast, was assigned to the convinced metacognitive type, which
means that he is convinced of the usefulness of metacognitive planning strategies and
therefore uses them on his own initiative. This classification corresponds with his self-

assessment in the questionnaire.

Methods for analyzing data

For answering the research questions, different data sets were used which were analyzed

with different methods. Thus, a mixed methods design was used (Buchholtz, 2019).

e In contrast to previous evaluations (Vorholter, 2018, 2019), for the present
questions, the students' self-assessments from the questionnaires were not used as
aggregated factor values, but rather their assessments of the individual strategies.
The reason for this is that it provides a more differentiated picture of the individual
strategies. Furthermore, the metacognitive group strategies for planning were
empirically subsumed to the factor of strategies for a smooth process, which is why
no factor value existed in this case.

e The interviews were analyzed using case-oriented qualitative content analysis
according to Kuckartz (2019). For the selection of the cases considered, the
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classification of the cases into the developed typology was used; for the comparison
with the data from the questionnaires, the subcodes for planning and orientation,
which contain concrete strategies, were used, which were formed during the
evaluation (Kriiger, 2021).

e Videos were analyzed by using qualitative content analysis according to Kuckartz
(2019) and the items of the questionnaire as deductive coding system.

After analyzing each data set separately, results were compared to each other.

Results

In the following, the self-assessments in the questionnaire of the two selected boys, their
statements in the interview and the resulting classification in the typology are presented.
This is followed by a brief outline of the video scenes in which the planning processes of the
small groups can be seen, focusing on the behaviour of the two boys Furkan and Robin.
Subsequently, the observations from the videos are compared with the other two data

sources.

Case 1: Furkan

Furkan works in a group with two other boys (Dustin and Frederik). He states that he was
very satisfied with the cooperation in the group, whereby he interestingly estimates that
they worked together the entire time, while the other two state that they divided up at times.
Working on the task had been rather easy for him, and he states to have been rather
motivated while working on the task.

Furkan's self-assessments related to the first four individual strategies differ in some
items from the average of the total sample. He states (as do the other two group members)
to a higher degree than the average that he tried to explain the task in his own words and
also to obtain missing information, but that he did not note down which information from
the task was important for the processing. According to the assessment of all group
members, this strategy was also not used in a pronounced manner in the group. Furkan also
states that he first thought alone about how he could solve the task before the group started
to think about it together.

In the interview, Furkan states that they developed a certain procedure within the group
during the course of the intervention. First they look at what information is given and what
they still need to research. Then, they think about how they can get the information that
they need. To plan the next steps, they use a brainstorming session in which everyone is
allowed to contribute their ideas.

[t becomes clear that planning the procedure within the group has become an essential
part of the working process for Furkan. He thus focuses more on the group, pointing out

that everyone is involved in the planning process and can express their ideas, and that the
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group's potential can thus be exploited. The accurate representation of the process and the
naming of the perceived benefits of planning lead Furkan to be classified as the convinced
metacognitive type.

Taking both data sets into account, one can conclude that it is important to Furkan to
plan the working process within the group. Furthermore, the planning process was
satisfactory in his eyes.

The video starts with the distribution of the modelling problems to the three students.
At the beginning of the task processing, Furkan directly begins to read the task text, while
Dustin first begins to organize his material and Frederik watches both. About 40 seconds
after handing out the worksheet, Furkan finishes reading and starts preparing the written
task by writing down the problem title and a date. Already after 1:30 minutes. Dustin
suggests extrapolating the area cleared each day to a year, converting the given amount of
beer to number of crates, and extrapolating that to a year as well. Furkan questions the
procedure and puts it in more concrete terms by saying that it is necessary to know how
many liters of beer a crate contains. Felix listens, asks for repetition of what has been said,
but initially does not contribute anything of his own. Thus, metacognitive group strategies
for planning are used quite obviously by them. It is noticeable that Furkan tries several
times to mediate between Frederik and Dustin and is generally concerned about a joint
processing. This is also reflected in the fact that he shares his results with the others, waits
until they have also calculated the corresponding figures and weighs up the individual ideas
for further action against each other or links them with each other (we could do that too).
Thus, a productive metacognitive behaviour (Stillman, 2011) can be reconstructed.

If one compares the behaviour shown in the video with Furkan's self-assessments, it is
noticeable that Furkan is the one in the group who repeatedly mediates between Frederik
and Dustin and brings together the ideas of the other two. Therefore, both his assessments
and those of the other two boys regarding cooperation in the group are comprehensible:
While the two others state that they did not work together consistently, Furkan, who is
always trying to bring things together, states that they did work together consistently. Now,
while collaboration does not constitute a metacognitive strategy, Furkan does employ such
to initiate this collaboration. Regarding the assessment of identifying needed information
from the task text, it should be noted that this is not observed in the video either. Unlike
other students, the students of this group do not note down individual values or underline
them in the task text but mention them verbally. Therefore, Furkan's self-assessment is
correct here. His self-assessment of having initially thought alone about how to solve the
task can also be verified by the video: Furkan first reads the task alone and can then very
quickly take up Dustin's thoughts on how to proceed and continue them, which makes it
clear that he himself must have already had similar thoughts. In summary, it can be stated

that Furkan's self-assessments correspond to the observations from the video.
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Furthermore, the classification into the typology is also comprehensible on the basis of the

videos.

Case 2: Robin

Robin is the only boy working in a group with three other girls. Like Furkan, he estimates
the task difficulty as rather easy and was rather motivated at the beginning of the
processing, towards the end even very motivated and thus the most motivated (according
to his own statements) of the group. He states that he is satisfied with the collaboration in
the small group, stating that the group continued to divide at times and that he only worked
with individuals.

Robin's ratings are above the overall average in all strategies and also above the ratings
of the other group members in almost all ratings (with the exception of the item “We made
sure everyone understood the problem”). Similar to Furkan, Robin also rates the group's
metacognitive behaviour as less pronounced than his own, but still in the upper range.
Therefore, at first glance, Robin appears as a student who is convinced that he engages in a
great deal of metacognitive activity, at least on individual level.

Contrary to his self-assessments, Robin was classified as a metacognitively distanced
type in the area of planning concerning his group activities. This judgment is based on his
statements in the interview, in which it becomes clear that he is rather critical of strategies
for planning. For example, he describes that he quickly withdrew from the group's planning
phase and started calculating on his own, since the group's stated goal had been to let two
girls work first. At the same time, he did not want to wait with the calculating. The reason
he gives for his behaviour is that he perceives such planning as unnecessary and rather a
waste of time. If such planning would help avoid mistakes in procedure, he would consider
it useful.

In contrast to his self-assessments, Robin makes clear in the interview his lack of
understanding of the usefulness of metacognitive strategies for planning, although this
relates primarily to the planning of joint work in the group. Robin describes that he starts
working on the tasks and the mathematical model when he has a first approach. He does
not think about every steps of the solution process. Therefore, the question arises at this
point whether this discrepancy can be clarified by the video recorded of the group work.

The video recording of the group's working process begins with the handing out of the
worksheets. After about five minutes, the teachers asked for reading out the problem
together in class. During the student's contribution, Robin begins working on the task by
writing something on a piece of paper. Immediately following the class discussion, he invites
the teacher to the table and asks her about the market share of the brewery and whether he
may assume a 100 percent market share. Furthermore, he asks for the number of bottles

per crate.
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Robin then continues to work without sharing his considerations with the others. One of
the three girls in the group begins to sketch solution steps, with the other two girls listening
to her and one also interjecting her own idea. Robin, meanwhile, continues to work
independently, but responds briefly to a question about values. At minute ten, i.e. after a
good 5-minute work phase by Robin and planning phase by the three other group members,
they ask Robin what he is doing. He answers that he is calculating. When asked if he was
calculating what the others had planned to do, he answered in the negative. Thus, a form of
partial metacognitive blindness could be reconstructed.

The fact that Robin starts working in class while the task is still being discussed and asks
the teacher about individual assumptions directly after the discussion suggests that he has
his own approach in mind, which he is already implementing - without the other group
members. His high ratings regarding the individual metacognitive strategies of having first
thought alone about how to solve the task as well as having procured missing information
can thus be confirmed from his behaviour shown in the video. To what extent he really
recorded which information is still missing and which is given or whether he paraphrased
the task in his own words cannot be concluded from the video. However, the independent
work on the task gives an indication that he has penetrated the task for himself and
identified necessary aspects. While his self-assessments regarding the individual strategies
are comprehensible, this is not the case for the group strategies, at least in planning. Robin
states that he recorded information together and considered together which steps had to be
carried out one after the other. Only partially did they make sure that everyone understood
the problem. As described, it can be observed in the video that despite the goal formulation
of also giving precedence to the two girls who so far felt “overrun” in the group work, Robin
works on his own and does not participate in the group's planning process. Nevertheless,
he responds briefly to a question about a value and the group members are all present when
he asks the teacher about certain assumptions and values. This means that he probably
perceives that the others in the group are planning together and, after all, information is
being recorded together (at least mentally). The group itself did not pay attention to
whether everyone understood the problem, but the teacher took over this task for the whole
class.

In summary, it can be stated that Robin's behaviour shown in the video can confirm his
self-assessments regarding the metacognitive individual strategies. For the metacognitive
group strategies, his statements paint too positive a picture. However, the classification in
the typology can also be confirmed, at least for the area of metacognitive group strategies,
as a metacognitive distanced type: Robin virtually blocks strategies that would lead to

cooperation in the group or ignores corresponding attempts of his classmates.
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Summary and outlook

As already described, the two boys Furkan and Robin were selected for the study, since the
findings resulting from the questionnaires and the interviews coincided for Furkan, but
diverged at first glance for Robin. Therefore, in relation to both cases, the questions were
investigated to what extent the findings from the two methods differed and in which cases
they coincided. Furthermore, it was examined to what extent discrepancies could be
explained by the inclusion of a third data source, the video recordings of the working
process.

In summary, it can be shown that no discrepancies could be found in Furkan from the
three sources. Furkan proves to be a reflective and metacognitively convinced type in all
three data sources. Robin, on the other hand, must be evaluated as an example of a student
in whom the classification in the typology, which was made on the basis of his statements
in the interview, does not correspond to his statements in the questionnaire with regard to
individual metacognitive strategies nor with regard to metacognitive group strategies. The
addition of the video could show reasons for these discrepancies: The classification into the
typology could be confirmed by his behaviour in the video. His statements on the
metacognitive group strategies in the questionnaire correspond to the behaviour of the
group members in the analysed scenes, but Robin had withdrawn from the group process
in this phase. His answers in the questionnaire regarding the individual strategies cannot
be substantiated by the videos either, as no use of metacognitive strategies could be
observed in the video. Robin’s goal-oriented work may indicate that he has internalized the
use of individual metacognitive strategies to such an extent that they run automatically, and
he is only aware of them when he is directly asked about them. However, it may also indicate
that the task was so easy for Robin that the use of metacognitive strategies was not
necessary (hence his refusal in the interview), but he has learned that the use of them is
desirable (hence his rating in the questionnaire).

The following conclusions can be drawn from the above summary thus confirming the
problems identified before:

Reliable data in the questionnaire require that students are aware of the use of
metacognitive strategies, that metacognitive individual and group strategies are measured
separately per different items and that students know which persons they should include in
items concerning group work. Thus, for using a questionnaire some prerequisites must be
fulfilled: It has proved preferable that the questionnaire has been filled out directly after the
completion of a task in order to increase the likelihood that the actual measure of the use of
the metacognitive strategies, not metacognitive strategy knowledge, is surveyed (Veenman,
2011a). In addition, care should be taken that the tasks are offered at a subjective
intermediate level of difficulty. The occurrence of difficulties leads to the conscious

application metacognitive of strategies (Veenman, 2011b; Weinert, 1984). In order to be
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able to better evaluate the results of metacognitive group strategies, a supplementary
question about which group members collaborated with whom and in which phase should
be used.

The interviews give an insight into the students' views. Similar to Stilman’s (2004)
results, cognitive and metacognitive strategies can be well distinguished from each other,
but the differentiation into metacognitive individual strategies and metacognitive group
strategies is clearly more difficult because the students do not differentiate in their
statements. This leads to another methodological conclusion: When using interviews to
elicit views on metacognitive strategies, a deliberate distinction should be made between
the individual and the group-specific strategies. Interviewers should thus try to become
aware during the interview whether their questions are answered more on according to
individual metacognitive strategies or group metacognitive strategies and ask about the
other aspect accordingly.

The mere observation of the students’ behaviour in the video does not provide any
information about individual thinking processes and thus individual metacognition when
working in a group cannot be assessed (Schellings et al., 2013). However, the same standard
can be applied to the extent of metacognitive behaviour through the evaluation of the
behaviour by trained experts.

To sum up, by adding the third data source, it could be highlighted that the type of
collaboration in the group and the related answering behavior of the students has a
significant influence on the interpretability of the data. This must be taken into account in
corresponding evaluations and the instruments used should be adapted accordingly before
being used again. At the same time, it has become clear once again, as presented in the
statement by Schraw (2009, p. 415) mentioned at the beginning, that measuring
instruments must always be chosen with regard to the question to be answered: If the
effectiveness of a learning environment for the promotion of metacognitive modelling
strategies is to be researched as a whole, then the questionnaire presented can be used; if
the promotion of the use of metacognitive modelling strategies for individual students is the

focus, then interviews can be used as presented.
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